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Abstract 



The present invention provides a method of producing a magnetoresistive element in which a laminate including a 
free ferromagnetic layer in which at least magnetization is freely rotated according to an external magnetic field, a 
non-magnetic layer, and a pinned ferromagnetic layer in which reversal of magnetization is pinned is formed, and is 
heat-treated for setting different directions of the easy axis of magnetization of the free ferromagnetic layer and the 
pinned ferromagnetic layer under different conditions. In the heat treatment, first annealing is performed at the 
predetermined temperature in a magnetic field applied in a first direction, and second annealing is performed in a 
magnetic field applied in a second direction substantially perpendicular to the first direction so that the easy axis of 
magnetization of the free ferromagnetic layer is substantially perpendicular to that of the pinned ferromagnetic layer. 



Data supplied from the esp@cenet database - 12 



(i9>B*HHwwr (J p ) < 12 > £k |?fj *Ef 1^ ^ ^ CA) 



OTS*RO -223942 

(43)&M0 ^10^(1998)8 ^210 



(51)Int.CL 8 

H0 1L 43/12 

G 0 1 R 33/09 

G 1 1 B 5/39 

H 0 1 F 10/00 



F I 

HO 1L 43/12 

G 1 1 B 5/39 

H 0 1 F 10/00 

G 0 1 R 33/06 



(21)aiB#^ 


15S¥9 -25601 


(71)UiaA 


000010098 










(22)ffl|gH 


¥f£9*F(1997)2/!7H 




sostSfcfcHKW^ASPrr i s 7 






(72) 
























(72)£W# 


*S JESS 








3fc8^*Ba&m«*»»ri#7# 














(72)389t# 


«s;n am , 






















(74)ftSA 


#m± 3fes w& (*2«) 











(54) imvo&m ®$mm}&m?<Dm&x& 



(57) 

[HB] *%mt, ffiAartLhfc&gttartUh. m- 
mi 2 tzmffit&mm&i sstjbbku ms7UHi 




ss-r s » 2 <o*rti taw* epjD lt m 2 <nr--)v^m 



(2) 



mmW- 10-223942 



h i m<n? o -&m®mtim&m >± 
u mm? v-&mmmtvy±immteM z tti^co 

mjzcoi&jgi,zxmi<7>T-->i/Zi>&i.. zmmin-fi 

fab f&WHi-T&m 2 co^frtcE&^SrEfJJn LXM 2 <T>T- 

-iv $r tg t . itriE y u ma 1 1* y± 

[Mxm2] mmm2cojffocom?r*:micojjm<D®. 

Oe, MEJfS2c7Xfrft<0KI?-5-5 0~4 0 0 Oefc-f 

&.r<:£^a^-?>fi:£JSi t^(i2ie«<7)^ffiST3!) 

[t«#JS4 ] mum 1 <?)T--;K7)&f$?£££ 210 

-2 5 0'C. Wi2COT--)W&fti&m$:53miim<7) 

- 3w^tiMzBWL(OM^im®&m*<7)wmjjm. 
1 m^m 5 ] mam 2 or ^-^s^ig** 1 5 0 

-2 5 0*Cfc^£Ct£^Sh^l>if:fc«4^I£&co& 

C«*3S6 3 wfie^ 'J -3$S8tt>I$-N iFe. C o F 

u. CuAu, CuNiWHWHML. fillet' 
yfclh , &W£Mz: NiFe. CoFe, Co cDWf 
*»f»ML. lulEfyih^SttJl^ PtMn, N i M 
n. IrMn, RhMn, PdMn, R u M ntfHvfil 

£ & K5*K'lt® £ $ -t+T ISti- 1. .1 £ ^it 
•T S If 1 - 5 cov ^-m.*Hcfd®coK^J£fct3»^^ 

[000 1] 

-try-?. mk*vvmzm^hti%m&mm$m=f-m 
nm^mzm-th. 

[0002] 

mm&m^n-mt lx. ^¥8-2 1 1 6 6-*& 

l^'t±coS«lic, mm&frht(:hW>l<7) 

^m.'&m 2 1 im&m stm2 <wm&m 4 1 ^gsistt 



mci)\ mmm i %\^zm2<mm&®4cr>mt 

<7)faZBlzftl.XW.ftl,zfalft>ixX^&. fcrtfU zco 
m 1 <r>r&m&M2cr>mt<?>fa%C\imfeZtl*^X'y U 

[0003] 07^t1g5t(cML.TEpJaES#h £ttj|j 

•rsfc, mm^-h<r>-^mzmtx'mi^mw&m2<r> 
mtnmz c&m&*:%icoiin<®m;-?&?)X\ mi<^ 
2t&2 crmm/m 4 b comxm f tizwm&± 
tZztlzteztzMz, 0 s c: tuz x 0 

[0004] 

[ %.mmm L*oti-&mm] mi iz^mm^m^ 

xw hKh $3m-%w.w<-<7)-%$\ i mmtcUfo iz&m-rz 
izi±. Kmmm5*m&^h%&izW(m.<r)j;$\ 
tf. mmm^%hw>i<n&w!im2<r)®.{m%miz 
maar&ftfa) iz&KzmnZit&xm. $>&\m. 
mzmmtk. yci-y^y^m : tmi.6^mi,zi}\smk. 
$m&fofrt>%&m 1 vmwm 2 <r>mm%mztt l 
xw.tthijmz&ftzmaL&tfbmig 1 £X'M<f;?2> 

mm^Aizh^xii. zcoxd^m^imnmh^ 
im?r*&M£?r^x&mmcow*m&i®m-t 
ztzMz.mi nmmm 2 cnmt^m^fa t m 2 
<nmmm 4 ^m^m^m^mim^mzmx. t,ti 

[00 05] L*»L^r*>^. 2oco^iSttil2, 4<0& 

itm^mcofj^mt^faizmihmmx'it. mitco® 
is* 1 ' yij-izztixz&wsi omw&m 2 co&mfi 
z<-t&zt vxz -r , &Mmzm 1 ^^isits 2 xn 

#<^i>p<nii* { $>-i>. zcntzthmi izvk-tftZkffimx' 

ti, /nM T^8S#Sr^ftfc6|«iDUTISltfDaiKttJi20 
[0006] *ftWiMS&f8lz&*.X%:Ztifi:t>(DT 

[0007] 

-ThtzMZ. 'J?%< b i>®.lttf9\-&<?>GZ?rizttLX gft 

fcRig-r^ imcr>y>j -^mtn b ^&ttJf t ESft^ne 



( 3 ) #gfl¥ 10-223942 



W&k-Th. 

[0008] *im£fflEaia&m&t&t:totz. m& 

Sv«*4:f*ii:««k-r*. HE* 1 1 
kOe~4kOe, BufeB2«9;fr|fij<0&^& 5 0~~4 0 

[0009] *»BBt*jv^t , Hutemi cor^-;u<7)« 
f$figJ2 1 0—25 0°C. ^2(0T--yL-»f^a^ 

JK* 1 5 0-2 5 0°Ci:-f-S.C:i* { -C'#^. 
BBt*JV%T» »E7i;-«aMtJi&Ni Fe. CoF 

u. CuAu. CuN i0^^fl#>A><^fi!<;L. mllSt' 
yi&bfeW&MZN i Fe . CoF.e, C o<7Hvf ix*> 

*>£>Jg|£U mietrv±i«b3SlESttilSrP tin, N i M 
n. I rMn, RhMn. P dMnCDV^ix^^Srl) 
K3S«tt» k mm-ttXl&WZ, Z k tfX'%& . 
[00 10] 

3$S814/1 lltt >Mt*3ttKttJi 1 2 fc ftttttJI 1 3 fc 

7 >j -5$Eit^ 1 4 zmmLTmffi&Bmz&f&ztitc 
mm& i 5 1 . z vmmit i 5 eommicm-r^ti^- 
v;u T^m<nmm/m i6, i6t, zmm&m 1 6 

1 6 afc*ivvcR»att« 1 1 1 tyih*»ett« i 2 

fclHSfiJI 1 3 fc 7 U -%m&m 1 4C9{MS5£?I^ Tl£ 

<t hixx v>s#. z-m^mzmmtmrniz^ tt:i> <mz 
[0011] frtea^i oti. tfyx, si. ai 

2 0 3 . TiC. SiC. A 1 2 0 3 tTi CfctfD«tt*. 
ft*. =S:*5. £K1 0^±mtc<±s SHRJiffiwiHIfl^a 

sfts^tt tc-r * & f co a mxmm^j < •/ 7 r 

«£»SRtt-C<>f*H. MieS?iKttJll Hi. -e<0± 



IKPtMn^ NiMn. IrMn, RhMn. PdM 
n. a-F e z 0 3 m<nffimmbfrL>BfltZtL&. fuld 
Sffittffl 2. 1414. Vv^ftiafiffiflKOfflSfrfc* 
mflsftK&N i-Fe^, Co-Fe^i, Ni 
-Co^, Co. Ni-Fe-Co^tW/S. 
sfcrt:. SMBttJIl 2^ColK. 5$ffiflyil 4£N i 
-Fe^iH, ^SVMiCoItN i-F e^Jfeo 

1 -F e&£mk<?>2mm&ki-2>t$r&l±. imxtmi 

3mizm^com*E.mt2>mm.k-rz>zki>TZz>. 
[0012] ztui. imi&m 1 3 saffian 12.1 
4 -c-eiitf^jioE^ffifagfiK&^^ti^tc » -> t « , 

*. z<r>£?%zkfrL>, ym&mi 

L fttgttff 1 4<0#SBtt*l 3MSBf^J? 

^E3'itrK(t^< t t>^iattJi 1 4<o4m&m 1 3 
iz-otix &*izco fe&im <%h±o %mm$)mm t 

LXh&^. 

[00 1 3 ] m&m&Ml 3(4. Cu. Cr, Au. 

2 0-4 0A<0)|§t:M$tiTV^. Htlffittl 
.1 3cO^$^20AJ; 0{Sv^t, St^ttJll 2fc»«tt 

mi 4k omx'WMti&^&z 0 ^ < & £> . 2 3t , 

^BS'ttSl 3*<4OAJ:OJP^i:BS«Stj0»*i*tS 
^@-C'$)-&INiattil 1 3 fc^ffili® 1 2. 1 4 60*fflfT 

^msm&M&mmzixx l* l<*^. 

[0014]a- T7.«i: LTtfOB?ia®«K'ttJf 
1 6 SrES-r 4 ClfclcJ; 0. 7 'J -3BSttt» 1 4 KjK^' 
TX^'Epjn^ix. 7 U -54«tt^ 1 4 jWHSSK-ftSft. 

meffiSOVl 6(4. fiW*0*&*rBfflH£* 
JK. WiJf. Co-Pt^i, Co-Cr-Pt^f, 

[0015] OTt. t»ie«3toaES«EljB»*»TAO 

wmm+Azmm- h iza. mi 1 o±.te%.wmm 1 

1 k tr>-jI:ft»«ttJB 1 2 1 ^ISttJl 1 3 fc 7 'J -3$K 

&mi4zmmv. <z^xzixbtem&i-z>#kfrxim 
asrttu. ^<rmz*Kti%n9--vywfa%m^x 

51CJDXL. SEfcWlffrl 5tf>ffi«C, R^KttJll 6 



V 



(4) 



ftHPPl 0-2 2 3 942 



t mmm 1 1 zmm-t h z t tit 3 . 

cooi6: tfneo#«£g£i o±ejMW-*tii, 

zm^T^&mmzt'izmm txmm-^z t 

3**fiJffl"T* i fc . 4 fcX»t v t- fc L 

■CCoft^liNi-F e-C oHf&^-y-y hJitC^jQ 
7^C9f-«yT£IESL*:1g-£*-y-y h*£ttJHT* 

[0017] WSE<r)#Ji*«Jia. H2 ( A) Cijcf J: 
o £ yits^Sgfi/I l 2 1 ^HBSJI 1 3 fc 7 y -5BK 
tt® 1 4 *TBB«Lfc*&fc:^9la^rmtC 1 ~4 k O 
e.Mi.{i\ 2kOe<0^lfSrepjDL^:*^2 1 0 — 2 
5 0°C. 2 3 0tt-M^ Mi»f4BJHafiy* 

2 1 0*0-2 5 0*Ct(±, 2 1 0 C CI!ILT"2 5 0'CWT 

r w±j foitA' auTj rs^sti.i>t>cofc-rs. 
TUnf&i&gs- 2 i o^JiLtfc-r&ofcL tyjty>3fi«tt 

■ 12tPtMn OR&mttS 1 1 1 eo3Hffit£&£yz-ft 
izn&ttT'fo*) , JbJH£2 5OK:£:Lfc0>li. <HxJ: 
0 ft v ^ffijg-m^Gai&f l 3 #ffltf>8fcw ^ - «t 

f Vihft^ISttW 12fc7'J -3S«ffiB 1 4 OHMfcS* 

[oois] &cc 02(B) tc^-r i o tccy±»3t 

K'ffi® 1 2 tim&M 1 3 t 7 'J -MHEitJI 1 4 Jfl 
*BLfcJ&££^epb;fri*n (l?IBa^rrsi<:jt3c-r**-ifii) 

(C5 0-4 0 0 Oe, MUX. 100 Oei9&#££p 
JD l^^/n ••/ * V7'\%Jg\:XY<F> 1 5 0 — 2 5 0 
iOSf^L^il 8 0-2 2 0-C. 2 0 0'Ct 

»b*isl witf 2 B#rs^f^t^f s r--/u«yn&jt 

■T. dTiEBS: 2 5 0°C£ L^Wli, Offi^iS 
«-CliR»KttB 1 1 <o:/u .y^y^iaR ( eyit*^ 

ffi5tt«£03sm»-&iK^*«?H^-r&ias) jcaravc H ei 

fcfcfcfc. AMR (BftiEfft&A) tfiT-rSfc*-C* 

4. fraeaffoss^kjiwaatji^TtryjtAgiaffii 



1 2 OHHtSWMHtfn&Iti a , XfaX'&fc L*V 7 y 

-3$sssi4» 1 4 ottfcSMWftarm £ b lumz^it^ 

tZttfTZZ. 

[0019] VlkOX o £2gP a e O&^4«Il$rfr o 
Tii0 1 CTjrf «t -5 (c^HgftJi 1 1 £8W/C-LTICW» 

y-aatt* 1 4coig-(k^[S]#A { [Hi$ELT^»-ri. «t 3 
(ctswrt*. ey±^an4JBi 2.<n-mmwmi$fe 

02 (A) Oai*l6]. 7y-3fflMMl4C9HMI?&» 
lftfr[6]£02 (B) fOb^fafc^CIt^-tir-C^S 

«h.K#, 0 1 z2n*i<07 y -aam« 1 4 eofcs&bt: 

,h$<-C'^l». SS-jT. Y>M TXM^Xzi. 0 ETTflP 
-f SA-f TX£t£*filif <k 0 *>?f < £niDT'# £ i d ^ 

o. mjjcoftiMmzn&zttf'czzttuz. ^ 

[0020] 

immmi mm^^^Y^^x^y ?mw.*mi<\ a 

iffl^tTa (50A)/PtMn (300A)/Co 
Fe (30A)/Cu (22A)/CoFe (10A) 
/NiFe (7 OA) /Ta (5 OA) <0SfllflBSt=«r 
Sidfc:x^'-y^LT«Jf«sSr^L. «S^XtlT<^ 

i izm+&frx'2$m<7>®m#?m®zft^xmm}i 

%i$mT-t£mZmiM. L tl . MlPtMn«Pt (8 Mn 
52 (at%) <0ffldc. CoFeiiCo 90 Fe 10 (at 
%) <50fijK, NiFe»iNi, 0 Fe 20 ^)jajSWtOjf 

aieolsiT^-^l B r^ri4]t{±02 
(A) coa 1 ^ccm^2:EnJoL^r* { ^r--;i--r£^ 

tZMML, m2T--)i>Wftn$\tim2 (B) <7>b 

! xmzwFrZm'a L%&t> r--j\s-r&z t zmm- 

[00 2 1] 



(5) 



•ftmW- 10-223942 









AMR 


Hex 


H c f 


FreeJB <F)1&4Y, 




[%) 


(Oe) 


(Oe) 




210-Cx4fflL2kQe 


7.7 


500 


4 




230"Cx4HIU2k0e 


7.5 


700 


3 






7.5 


700 


3 






7.5 


700 


3 






7.5 


700 


3 






7.5 


700 


3 


si A 




7.5 


700 


3 




250'Cx2HR,2kOe 


7.5 


700 


3 










AMR 


Hex 


He f 






(%) 


(Oe) 


(Oe) 




200°Cx2HR, 50 Oe 


7.6 


500 


<0.5 




100'Cx2HR, 50 Oe 


7,4 


700 


3 




180°Cx2HB. % 50 Oe 


7.5 


680 


<0.5 




200 8 Cx2HR, 50 Oe 


7.4 


720 


£0.5 


*27^-JHHJSL** 


220*Cx2HR, 50 Oe 


7.4 


680 


£0.5 


mz7z-mnufa 


200*Cx2HR, 100 Oe 


7.5 


700 


£0.5 




200 c Cx2HE, 200 Oe 


7.4 


660 


£0,5 




200°Cx2HR> 50 Oe 


7.3 


700 


£0.5 





(ifc««) 



: Si«tS/7*5J-/TaS0A/PtHn300Jl/CttFe30Jl/Cu2ZA/CoFel0A/KiFe70A/Ta50A 



[0022] II tC^-T#lfifi£OAMR (ffifit^^ 

m . h„ (e^jtAaiattJiosdnKi^'eff) . h c , 

BBfej^«rJ:3t=. fll 1 T— -MHMrrt] fc JB 2 T— — 
rtt«i*v^^LfcJi*Wffl«HKit^. AMR. H 
it4«W4.i»T**. iOH ef <0ffl* < /jNS<«r*i:. & 

->XtcZixh. ifc. H cf ct)1££/Jn$ < -f £ ,1 £ Tv\- 



[0 0 23] SM7^hDy^t7 ?3IH£ffl^ 
A 1 ,0 3 M£«SL3tS iSKoit. IffiOiF-yv 
hiffl^tTa (50A)/PtMn (200A)/C 
oFe (30A) /Cu (22A)/CoFe (10 
A)/NiFe ( 7 0 A ) /C o F e (10a)/Cu 
(22A)/CoFe (30A)/PtMn (200 
A)/Ta ( 5 0 A ) «0«Jf fgj£(;>5:l> <£ 3 (CX^-y * 

[0024] 
[SS2] 



(6) 



ftHJT 10-223942 



m 1 (D7-~fr0k¥tt7-'-Ps&<Dft& 




AMR 

{%) 


Hex 
(Oe) 


H c f 
(Oe) 


FreeS©8tffc 


210'Cx4HR,lkOe 


10.5 


400 


4 




230'Cx4HR,2kOe 


10.3 


600 


3 


m 1 7--mft7sfa 


250 a Cx2HMkQe 


10. 0 


600 


4 


m 1 7--«##ica 






AMR 

(%) 


Hex 
(Oe) 


Hcf 
(Oe) 




200°Cx2HR, 100 Oe 


10.4 


440 


£0.5 


* 2 EHWBJIWfl 


200 6 Cx2HR, 100 Oe 


10.2 


600 


<0.5 




200-CX2HR, 100 Oe 


10.1 


580 


£0.5 





: S i&m/ni */Ta50A/P tXn200A/CoFe30A/Cu22A/CoFe 1 OA/)) iFe70A/ 

CoFelOA/Cu22A/CoFe30A/PtMn200A/Ta50A 



[00 25] *2t^-r#IS^ AMR, H ei . H cf <0 
T-~Jm^mtm2T--/^TrU^ 9 OS^i 

JiT-£&. *2KSrr«jaT*ti. Ta (5 OA) 

iOPtMn (200A) fcTa ( 50A) TOP tM 
n (2 OOA) a^mkt-yit^i&14Bi:3r9. 2 
otOCu (2 2A) KfciflfcCoFe (10A)/N 
i F e ( 7 0 A ) /C o F e (10A)A<7 U-BHKtt 

ISjaSO^"^!^ 1 (c?n"t"flf3aJ: 0 •t>SV>AMR5rt#|> .1 b 

[00 26 3 03i:04fi, a 1 Cl^LfcimCiJV* 
T. HI cr>T-->V (2 30*CX4 B^bI. 2kOe)g 
l,zftC,tltciiffl<?>R-H*-7cr>J< V*—)V—? ( t'> 
±465tE5ttJl<7)R-H*-7') t7-ft- /U— 7" (7U 
-^mi4«cOR-H*-y) a5f:06tt. IH 

2C9T--;I^ (2 0 0°Cx2«HHL 100 Oe)gfc 
ff^^lit^^R-H^-yco^ i^-v— r ( fy.it 
»36ffitt«<OR-H*-7') ti~y (7'J- 

2KP e t OT--^£'<TO£fc-e. 
*OftS5tfj*<*£ < * -5 T o S £ t tfWmzft -> 7t . 
[00 27] 



9fc»<epflirCfc4J:5fc:$:D. aj*0|6U:SMI*#S 
£ £tf*T# £ fc i tic. ?cSEtt<7)r6]i«£f# &£ btf 
TS*. 

[0028] ffiTESB2 corKfanW.RZ'm 1 «0#l*]<0»» 

*>3S8U&£«* J: 0 fc 'In* k t -T & i t . W 
E*10*[aioe#*lkOe-- 4kOe, «IEff2<0 
^■[SlcOiS^Sr 5 0~4 0 0Oefct4Ik -C'mi&Offi*!. 

Htc, WBHIlor— ->l^)flM«ME*2 1 0-2 5 

or. »2wr--/Kofia9ja«*yn-/^y^ajKiu 

1 5 0-2 5 0\:fc^i£fcT1Bifi<OfiHlfe!S»»«:*^ 
[0029] -77. Huie7 'J-^^ttS^rN iFe.C 
Ku, CuAu, CuNi OV^-m*^^^t, 19 



( 7 ) Ifgff ¥ 10-223942 



Eeyjh«ftItN iFe, CoFe, C oCOVvf 
ft^A^J&U mZVy±bb%-mW§$:P tMn. N 
iMn. IrMn, RhMn, PdMn, RuMnW 

cm] s tiz msmtm 

fr2r*-f tor, 02 (a) imwT--)um<7)$m 

^«O*l^$-*-f0, 02 (B) te3ll<0T--/H$<0 

EPja^r^i«)Sr*t-0. 02 (o li&mmftoyx 
[03] mmmx-nhtttzim^w, i r--)v^mk 



[04] »SCTT1f ^iifolSficom 1 T--)VWmk 

[05] mtwc'ft t>h.tzamcr>M 2 r-->mmm 

[06] mmvn htitzum^m 2 r--tummm 

[07] ®M<vmimmhm ! 7-<r>-m * ^-m®. 



A 
1 0 

1 1 

1 2 

1 3 

1 4 

1 6 

1 7 



wmw§ 



[0i ] 




(A) 




[03] 




-2K 



+2K 



(Oe) 



[04] 



I I I 

-50 0 +50 

ftSBft* (Oe) 



(8) 



ftmW- 10-223942 




msca*fflEiBS;*siBTi#7-f- nvv 



